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1 Introduction
In the previous meetings, RAN1 agreed to introduce paging early indication (PEI) [1] and RAN2 agreed to adopt network controlled subgrouping based on individual UE characteristics not limited to paging probability as EUTRA to improve the flexibility and if the network chooses to not provide specific subgrouping information, there will be option where subgrouping can be supported by randomization (by UE-ID) [2]. 

Since the architecture subgrouping will be provided in the accompanied paper [3], in this contribution, we provide some views on how a UE determines the PEI radio resource(s) to monitor for paging once the subgrouping is provided. 
2 Discussion
2.1 Background of R16 WUS grouping
UE grouping for WUS has been introduced to reduce the false alarm probability in NB-IOT. Paging probability information is negotiated between the UE and MME via NAS signaling while eNB configures via broadcast the relation between this paging probability information and WUS group on UU interface. The UE will first choose a “WUS group set” based on paging probability and corresponding thresholds, and then selects its WUS group from the WUS group set based on UE ID as captured in TS 36.304:
	The UE determines the WUS group set corresponding to its probability PNAS, if configured, as defined in Table 7.5.2-1 If PNAS is not configured, UE selects the WUS group set with highest index.
Table 7.5.2-1: WUS group set definition when probThreshList is configured

WUS group set

probThreshList

WUS group index in WUS groups list

Lower bound

Upper bound

1

PNAS ≤ Thresh1
0

Nth1 -1
2

Thresh1 < PNAS ≤ Thresh2 (Note)

Nth1
Nth1 + Nth2 -1

3

Thresh2 < PNAS ≤ Thresh3 (Note)

Nth1 + Nth2
Nth1 +Nth2 + Nth3 -1

4

PNAS > Thresh3
Nth1 +Nth2 + Nth3
maxWG-1

where


Threshi is the value signalled in the ith entry of probThreshList

Nthi is the value signalled in the ith entry of groupsForServiceList

Note:
When the total number of WUS group sets is less than 4, the upper bound for the WUS group set with highest index is maxWG-1.

If probThreshList is not present in gwus-Config, there is only one WUS group set containing all the WUS groups configured in numGroupsList. The total number of WUS groups is maxWG.
After selection of the WUS group set as specified in clause 7.5.2, the UE selects the WUS group to monitor as below.

For BL UE or UE in enhanced coverage, the UE determines wg with following equation:
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For NB-IoT, the UE determines wg with following equation:
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where:

UE_ID, N, Ns, Nn and W are defined in clause 7.1.

Nw is the number of WUS groups in the selected WUS group set.
wg is the index of the WUS group in the selected WUS group set, determined as defined in clause 7.5.2, 0 .. Nw-1.

If probThreshList is present, the UE determines WG, the index of the corresponding WUS group within the WUS groups list, as defined in table 7.5.3-1. If probThreshList is not present wg is considered as WG to monitor.

Table 7.5.3-1: Index of the WUS group to monitor

WUS group set

WG

1

wg

2

wg + Nth1
3

wg + Nth1 + Nth2
4

wg + Nth1 + Nth2 + Nth3
Where Nthi is defined in table 7.5.1 

The entry corresponding to WG in the WUS groups list defined in clause 7.5.2 provides ([image: image4.png]resource
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as specified in TS 36.213 [6].



Up to 4 (NB-IoT) WUS group sets can be assigned to each paging probability range and each WUS resource can have different number of WUS groups. If more than one WUS group corresponds to the UE’s configured probability then UE ID is used to determine a WUS group. As the MME may not assign UE the paging probability, in this case the WUS group set corresponding to the highest probability is used for UEs without paging probability configured. So there is a combination of two WUS groups; some WUS groups for paging probability based grouping and some WUS groups for UE ID based grouping.
2.2 How a UE determines the PEI radio resource(s)
In our understanding, we can take some lessons from LTE. However, some details still need to be checked carefully. In LTE, the CN and UE communicates the paging probability, then the RAN and UE derives the UE’s subgrouping based on the paging probability. However, in NR, as agreed the CN will be is responsible for allocating UEs to UE paging subgroups based on UE characteristics (paging probability, power consumption profile, UE types etc.). So RAN and UE gets the UE’s subgrouping directly. Since in LTE, eNB configures via broadcast the relation between this paging probability information and WUS group on Uu interface, it is natural in NR gNB configures via broadcast the mapping between this subgrouping information to PEI radio resource(s) on Uu interface. In such case, subgrouping information is negotiated between the UE and CN via NAS signaling and this subgrouping information needs to be provided by NGAP paging to gNB thus the UE and gNB can get consensus on deciding the PEI radio resource.
Proposal 1 gNB configures via broadcast the mapping between this subgrouping information to PEI radio resource(s) on Uu interface.

Regarding to how gNB configures the mapping between subgrouping information to PEI radio resource(s), there are two options. Option1 is gNB maps a subgrouping to PEI radio resource(s) and option2 is gNB maps multiple subgroupings to PEI radio resource(s), i.e., multiple subgroupings constitute a subgrouping set which is very similar as in LTE where the network can allow subgroupings of similar paging probability range to share PEI radio resource(s) for efficiency. No matter which option to go, after UEs chooses a certain subgroup or subgroup set, if there are multiple PEI radio resources associated to it, the UEs will still uniformly been distributed into different PEI radio resources based on UE_ID. However, this based on the condition that NW assignment subgrouping and UE ID based subgrouping could work together.
Table 1: Mapping each subgroup to PEI radio resource(s) (Option1)
	Subgroup0
	PEI radio resource 0

PEI radio resource 1

	Subgroup0
	PEI radio resource 2

PEI radio resource 3

	Subgroup0
	PEI radio resource 4

PEI radio resource 5

	…
	…


Table 2: Mapping multiple subgroup(s) to PEI radio resource(s) (Option2)
	Subgroup0
	Subgroup set 0
	PEI radio resource 0

PEI radio resource 1

	Subgroup1
Subgroup2
	Subgroup set 1
	PEI radio resource 2

PEI radio resource 3
PEI radio resource 4

	…
	…
	…


Proposal 2 RAN2 is suggested to consider how gNB configures the mapping between subgrouping information to PEI radio resource(s) on Uu interface.

· Option1: Mapping each subgroup to PEI radio resource(s)
· Option2: Mapping multiple subgroup(s) to PEI radio resource(s)
Proposal 3 RAN2 is suggested to further consider whether there are multiple PEI radio resource(s) per subgrouping/ subgroup set on Uu interface.
As in LTE, RAN might want to have more WUS group for the higher paging probability range to reduce paging false alarm since paging sub-grouping can achieve power saving gain when paging probability is high, but less gain for low paging probability. In other words, RAN might want to have more PEI resources for a certain subgroup or subgroup set, however unlike in LTE, the gNB does not know the exact meaning of a certain subgroup or subgroup set. Whether the CN need to provide some assistance information for gNB configuration can be further discussed or the CN can confirm that the subgroup index it assigns will be ranked by a matrix, e.g., paging probability. If necessary, a LS can be sent to SA2/CT1 to confirm this.
Proposal 4 RAN2 is suggested to further consider whether gNB needs assistance information from CN for configuring the mapping between subgrouping information to PEI radio resource(s) on Uu interface. 

As captured in TR23.501, if the UE does not supports WUS Assistance Information, the AMF may not assign WUS assistance Information to the UE and UE and AMF shall not signal WUS assistance Information in Registration Request, Registration Accept messages when the UE has an active emergency PDU session. For such cases, UE will be assigned to the WUS group set corresponding to the highest probability in LTE which is very reasonable. In NR, the same principle can be applied that some default subgroup or subgroup set will be used for UE with no network assigned subgroup. Whether there will be exclusively corresponding PEI radio resource(s) for default subgroup or subgroup set can be further discussed.
Proposal 5 RAN2 is suggested to further consider that a default subgroup or subgroup set will be used for UE with no network assigned subgroup. 

Another exceptional case is that when UE enters another gNB which did not configure the corresponding PEI radio resource(s) for the UE’s subgrouping if cell reselection happens. An example is that UE receives a subgroup ID 3 from CN and moves to another gNB which has a different subgroup ID configuration (only two subgroup ID {1, 2})the subgroup ID mismatching happens. We think there are two solutions can solve it. One is the network should keep all the cells under TA/RNA with same subgrouping policy, which means negotiations of the total subgrouping number between the network nodes which may involves CN for the consistence of gNB configurations. This can be further discussed which may involves SA2/CT1. If necessary, a LS can be sent to SA2/CT1 to confirm this.
Another is to use the same solution as in P4, i.e. some default subgroup or subgroup set will be used for UE with no network assigned subgroup is found in gNB.
Proposal 6 RAN2 is suggested to further consider the case that a default subgroup or subgroup set will be used for UE with no network assigned subgroup is found in gNB. 
3 Conclusions

Based on the discussion, our proposals are provided as follows: 
Proposal 7 gNB configures via broadcast the mapping between this subgrouping information to PEI radio resource(s) on Uu interface.

Proposal 8 RAN2 is suggested to consider how gNB configures the mapping between subgrouping information to PEI radio resource(s) on Uu interface.

· Option1: Mapping each subgroup to PEI radio resource(s)

· Option2: Mapping multiple subgroup(s) to PEI radio resource(s)
Proposal 9 RAN2 is suggested to further consider whether there are multiple PEI radio resource(s) per subgrouping/ subgroup set on Uu interface.
Proposal 10 RAN2 is suggested to further consider whether gNB needs assistance information from CN for configuring the mapping between subgrouping information to PEI radio resource(s) on Uu interface. 

Proposal 11 RAN2 is suggested to further consider that a default subgroup or subgroup set will be used for UE with no network assigned subgroup. 
Proposal 12 RAN2 is suggested to further consider the case that a default subgroup or subgroup set will be used for UE with no network assigned subgroup is found in gNB. 
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